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18 this papa 89 diouuss tbo Synthesis and proportion of
bleak aBd ●lt?matod oopolyRor8 as hybrid, multipbaso pelymro
tiiah am ob.uaotarisod by ● Mgb ●loutrioal oonUuoti-ity.
Comvomtional blook -1-- Sptas poosoms , in qonoral,
sroportio9 that u. 010s. to tho ●veraqo QWoightod” proportion of
tkir various ~lymmr ~omtso T&O prop9rtios of tbo
wrroupomtimg raMa oopolynro -Id bo quit. ~iffuomt. on tho
othor Mad, altormtimg oopolymoro 40 mot ~ to -ibit QBy
putimlu proportiea that m mot fousd im th bkok or random
#opolywM. Xm Oux studios, w -t- to tam amantago of tho
oppuR73nitiw *bat ooult bo of?ord to tho plymu saioatist by
oopolymorimtioa fo. guimhq hdgbt imto *rtut areas rolmtad
te ●laetrioal oom4aoti- moh as morpbol~, pbaso sopuation,

r
A~r-polymr imtorfaoos u4 sol*ility. AlsIo, oopelyurtsation

● to@mOlogioally
7’

rtmt for it allou9 8s to t-ailor-mako
pro4uo*s with cpooif oally 4ooiro4 proportion. ~or, tho
Wtikity of -wImriaatiom hvolwimg ooajuqato4, rigid
q80mts oould M diffomat frm that of mmvomtiomal polymrs.
80 will roow im this pqoz 08 tho symth@oio Qa4 proportics of
=a.riouu mntoriala:
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frmotion of Polymootylono (2). aominq ●lootron Bioxomaopy qmvo
● wory qood qumlitativo oorrolation to suoh proporti- and sbowod
that tho morphology doponda quit. ●tronqly upen tho oompomition.
In ordor to understand tho oonduution proo-s in thoso systaa,
w. ham ouriod out sovoral studios to ohuaotuiso ohain
norphcll

T
●gqrogation and/or phmmo separation in tho warious

--p-it O:a.

1) Rum Soattoring and Chain Morphology

Roaono.noo raman noattuing (US) of 8 Polyaootylono sm+la
gives information obout oonjugatlon longtho and distribution-.
This todiniquo 00aStitUtOS ● GoBSitiVo ~robo Of tho q’uality of ●

giv*m ●osplo. Wlyaootylono spotrm uo usually Gharaoturisod by
two main foaturos ●t ram.aa shifts aroumd 1100 m -d 1S00 m for
C-C and m -ado rospootivoly. Eamam shifts, limoahap.om mu
intomitios of khoso foaturoo vary with tho la-r 8xoitction
wavolonqth. Froviou@ Ua Stutios (3-s) of polyaootylono okaiBB
bavo boon Wko’d by tho Ohoomoo of u i8torBal ●tondard,
thoroforo, tho Oxoitatiom profile- -d rolatod Studios *no in
tho past Oould sot be totally ●oumrato -0 tu tho issoltlbility of
tha ●mplos. m. report hue, for tho fir9t time, truo aoltation
profilos of ●lublo polymotylo90/polyis0pm8e oopoly9-ors in
vhioh tho intuaol ●tamtird UO04 to oalibrato the imto8sitios of
tho Vo.rioum peaks is that of the oolTo8t Whioh im this oaoo is
toluono (peak ●t 1004 WB) (rig. 3). & for imsolwble
poly=ootyloao, ● shift im tho pomitiomo of tho ToAouo pa.ks for
Ufforost aoitatioh woTolOmqtho As ~od (Pig. 8). 1P
oomtrast to what MS qomrally bOB usmd~ the 1S94 fmtu.ro,
wed im Other ●tutioo (3,4) 0s a9 Amto-1 ●-u is 18W
rosowoo Onhaasod amd its profilo follows that of tho ●aort
Oomj

7
●to4 s~ts. - moa~ t- allw for tho fir8t ticko

quaat tatiwo ~imom batwoom sbrt * losg eomjugation lon~h
portAo80 of tha wpol~r amd tbroforo - ho ap’plied to
~lyaootylom -4 ottu oomjqato4 poiynrs thot Iaok th

prasonoo of 8a A8tarul staB4wr4. 18 - S-lW, we mvo ● a/3
ratio of m binds Mtwo9a Short as4 lomq ~tB. Th@ long
~ts uaitotioa profilo ~ ●t 8. IS ●* OM that of the

short Sqtm ●t S.6 QT. Mood m tho utr~lat~om of XWsos ●t
●l. {N), thuo uo S1 = ma 11 ~ im the lomq omd ebort
Oomjwgatod •~ts roopoetivolyo Usi~ our data, ths 81hort olmin
108qth -10 frmtio8.s i8 - -1*19 po2ym’otyleA* ma imaolnbla
polyuotyl- fim are 65* w 80* r’oop’ootivoly. mm Ru Rootllts

O.ro imto~rotot im that the miaromopia mo~homq’y Og tho 001*13
VImr is ●imilu to that ●f oo8v@9tAo9’ol pelymsctrlomo
~it~ tho proooaoo ●f polyioopmo Slo-oks. Al@o, wo RSSUIM thmt

the b-l Ustrihutiom W’hiah @orroope840 to low ud .Mrt
~t- --imt~ with t~oo P.fii- ●f tho pdytaor that w.
houat im 090-aLUa@io8al ●rystalliao fibrilm, Whilo Skort
oo8j~tod s~ts r,prosomt

-’l

ioan im Wtioh tso ●haia mist

ki8k ●r fold to ●o ~ta the f brilm. TM prommoo ●f moro ef
tsoso kimso im tho Solublo Mtorialo WO to th •o~~ tisa of
polyio’opromo bloako Whiah OoB M th’o’qht ●f ●s protmdin~ fr69
ths fihrilm, fomimg 8 ~lcmw to bind to ●thr fibrilm.
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a) Small &gla Moutron Smttoring and Aqgrogatlon

rho matorialo hw. boon studied ●s 8 fu.notion of taO
oonaontzation of polymatylono in tho oopolmors for 10%, aOt and
Sot polyaootylono volume fraotions whioh UC below, at and abovo
tho poroolation threshold montionod abovo. TO gain aontrast in
tho soattaring, tho polymmtyl.no Mooks vu. fully @outoratod.
This rwwltod in vary strong noattaring. TM 30% solid SQ1O
●h-od ● soattoriq with ● law Q ●lopo 80U unity indisatlnq that
tho (CD)% ●

7
ttoring SWOISS am in mu oylhdrioal form ef ●

radius 26.1 . Tho obaorvod difforono-s ●t high Q uiso booms.
ths Sndioatod polyono rods ●. ●ot waodiapormo In diamo:u.
Thoroforo,

&
ho owidonoo poia s to umvon red-liko stmaturom of

about 3000 lmqth mnd 26.1 1 diomotor. A SO & dimmtu iu found
if 8 fraotal --1 fitting progrom (7) As uployod. Tho data
Iadioat@ t~t tho mioollar Qwrqatos in tho two othor samples
aro sphorioal with an inoroasinq ●it. whoa tho vol=e fraotion of
polyaaotyloao inoreasoo. Aggrogato siso mad dimonoionality in tho

Tuiow Oaoos aro ~isod in Tablo 10

mu 18

s (m)=
r “U” x:ga’”

Di.moasionmllty

.00--.---.0.0..-..-.-..00- .--.00----00.0-.-.0----
30 30 1$00 1.s

20 3 500 a.4

10 S*8 Uo aoc

-.-.--.-.-9.0..-9----------- 0---0--99-.----.0----

Th. oontrol of thoso #tmaoturos is an ualthg possibility uador
study, ht tho qualitative ra9ult of rod-lixo tioollu to8turQ ●t
30$ and tho OUy ~roolation Of low - orplaims tho obsomod
oonduotivity threshold: tho matarial is thm ● oomduotor in ●

rubbery (polyisoproao) matrix.

AL~TI_ =~LYMEM - POLY (ABYL~LBS)

mar fomls ●m Mcn on Bouly nyathosA90d
r

lyhoto?cwyolos in
which tha ropoati~ U8it is u uylpyrrdo mo.oty of tho gonoral
formula shon b910w, for tho follwi8q roasoam:

R

3
R*

/\ Ar-THIENYL
Q-

Ar N
H FURYL

Q-

o-PHEhYL ()

R, ●nd Ra

H or ALKYL 0ROUP8
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0 Tho dooroaso in dimordor by rodwinq tbo number Of ompling
Sltoa during tho 9100trosynthosim8 and thoroforc , tho
dooro~so of tho morphoum olmrmtor that dominmtom knovn
polybotmouyolos.

o Tbo n systm in ●qlpyrrolos iz ●ob tlmt tbair ●loetron
donmity is higher than in pyrrolo. Tho ●lootron
doloo~lismtion umsom tho polymris~tion to oouur ●amily
romltiag in ●olublo Utorialo n600msuy for studying tho
siaqlo ahain ba!mvier.

o A.zylpyrrolos oouid load to oonjugat~ “di~toaio” polymro
v3th thaerotioally well dofinad uoitations.

80 hawa ●hm for tho first timo that arylpyrrolos am b.
pol~risod ●lootrooha.loally loading to altornatinq aopolymorm
(8) and thmofor. oould M Qho first ~thotio aonduoting A-B
pelyar whiah oeuld M used to toot tbo thwrotioal prodiotions
on tbo NtiioIo uoitmtionst solitons er POIUOM in th. bl.mhod
sttt. and POIUOM and/or bipoluons im tho dopad (oxidisod)
stato ) ~sir ●lootroob-ioal ●ymthssis im porfomod in tho ●m
way U for pal yrrolo or polythiopbomo. Dm to tho ●lootrm
da10e81i88tion Yn tho wnmar units tho Polym.rismtion ououh’.
msiar thm La th. latt.r tvo qu.sds. In faot, an applied
potmtial of 0.1S T XCI Ag/A@133 i. aamgh to ~B?tiato th.

polymorimtiom of thion~lpyrrolo or fu.rylpyrrolo at tho mmfao.
of m a.kodo. TM potoatials Boodod for pslymorising thiophono or
pyrrolo U. hiqh~r. TM oyolic voltqra8.a of thiomylpyrrolo
amhibit osm oxidation pmk and Q oorrospomdi~ raduotion W* St
potostials diff.roat fra theso of thiqbmo and pyrralo
sopuatoly. Oao important fmturo of poly(uylpyrrelo)s is their
@olubility ia tho Organio matm im wt!?2 thy Uo propuo’d,
p-tioululy TD, pmpyl.no oubonato (PC) or eootonitrila. I’lm
oolor of tho aolutioms vuios w~th tM solv-t. ?rOlmnuy
●tadioa iadioata that tho moleaulu wights cm high-r tha.a
80.000. ●ow8vu, iov W1OOU1U W’eight fraotions and Iuga
sqqroqateo an obtaimod in uoh mm. Hlywr films oould ●lso ha
obtaiaed aloq with tho pol

r
r sOluti*n putioularly whoa ●

poor mlvmt im Used. Conduot *itAoa of fikmm im tho rug. 1 - 10
S/- ax. geaorally obtaisado ~o optioal aboorptios 8puotm of
pely(thimylpyrrol.) SBWS emo ●imqlo peak im tho visiblo ●t 2.0
●T vhioh is htomodiuy batwwa polythi~hm~ md plypyrrolo
(rig. 4). ThO qti-1 ~otrt Of the TUiOtlS ● thosisod

rmterials ●bow paahs t8at oorrospead to polammio md b peluonio
e~.- at -owio@ that dopamd Upm tho ●lootrolyto Symtm mod
aad tbo ropoat unit. Optioal &b-SO~tiOD ehuwtori-tioo u, ●sown
im ra.hlo a.
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TABLE a : rrol~) m

Siopoat unit Almorption mAriBa\ov
----------- --0-----------------

P-T8KE3CM --- 1.9S --- 0.7
Thionylpyrrolo

clo4/Pc 2.6s --- 1.3s)1. s 0.65,0. s6

?ilm 2.6 20$ 1.4 0.s
Y’u~lpyrrolo

solution 2.87 1.05 --- 0.8s

Thionyl 3-m6thylpyrr~lo 3.0 2.1,1.0 --- 0.87,0.6S
--------------.-------.0--- --------------------------- ----------

Aaknowlodg’monts

This work is sup~rtod by tha Hatarials Soionoo DiVASiOB of

tho Offio@ of Basia Bnorqy aoienoos (~B) a.ad by th~ Contar for
Natoriale Saionao of La AlaDo. Mational Laboratory. Tho Moutron
●oattoriag mrk was oarriod oat ●t I?MS (Argoano IKatienal
Laboratory) and ●t ILL, Oronoblo (Prum).
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~IOUU CA?TI089

rig. i: Conductivity Q@ ● fmOkiOn Of @yaOOtylODO VOIUmO
fraction in dopod ~1’raoatylono-wlystyreno diblook
oopolymars,

rig. a: Romonanoo raBan spoot(ra of ● plyaootylono-plyiaoprcno
oopalymr solution in toluaao.

?lg. 3: Excitation profilos o:F th polyona oharaotcriatio p.~ka
of ● ~lyaootylono-p:lyicoprono uepolymor ●olution in
tolusno.



rig. 4t w-vim ● spootra of polytbiophono, pelypyrrolo and
poly(thionylpyrrolo) .
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Ot+polymorOollttioala tolwonoo

?~s. St Sxoitathm #?ofilos ●f tho ~lyo80 ●huaotortctlo peaks
●f ● polywotylao-pol~bepmso oopol~ar solutioah
toaao80●
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— POLY(THIC)PIIENE)

__ PC+LY(PYRROLE)

----- POLY(THIENYLPYRROLE)
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ENERGY (eV)

Pig. 48 W-Tis ● ~o*%a of po~ythiophono, ~l~yrml, and
poly (thioaylpyrrdo).


